Caspr2 is a member of neurexin superfamily, members of which are transmembrane proteins that mediate cellular interactions in the nervous system. Recently, truncation of the CNTNAP2 gene coding for the Caspr2 protein has been suggested to be associated with the Gilles de la Tourette syndrome, a neurological disorder characterized by motor and vocal tics, and behavioral anomalies. In this study, we describe a familial balanced reciprocal translocation t(7;15)(q35;q26.1) in phenotypically normal individuals. The 7q35 breakpoint disrupts the CNTNAP2 gene, indicating that truncation of this gene does not necessarily lead to the symptoms of the complex Gilles de la Tourette syndrome.
Introduction
CNTNAP2 encodes contactin-associated protein-like 2 (Caspr2), which is localized to the juxtaparanodal regions at the node of Ranvier of myelinated axons. 1 Caspr2 is colocalized and physically associated with Shaker-type voltage-activated K þ channels (Kv1). 2 Studies with Caspr2-null mice suggest that Caspr2 is necessary for localization and/or maintenance of Kv1 channels. 3 The
CNTNAP2 gene resides at 7q35-q36.1 and consists of 25 exons, covering an approximately 2.3-Mb genomic region ( Figure 1a ). Representing 1.5% of chromosome 7, it is one of the largest genes in the human genome. 4 Mutations in CNTNAP2 have been associated with two distinct neurological disorders: cortical dysplasia-focal epilepsy syndrome (CDFE, OMIM 610042) 5 and Gilles de la Tourette syndrome (GTS, OMIM 137580). 6 CDFE is characterized by cortical dysplasia, focal epilepsy, relative macrocephaly, and diminished deep-tendon reflexes.
Homozygous frame-shift mutations of CNTNAP2 have been detected in CDFE patients in the Old Order Amish community. Heterozygotes did not present symptoms, suggesting a recessive condition. 5 GTS is a chronic neuropsychiatric disorder characterized by intermittent and involuntary motor and vocal tics beginning in childhood. 7 This phenotype is associated frequently with behavioral, emotional and cognitive problems that are often more incapacitating than the tics. GTS is a complex disorder with a strong heritable component. 8 Sequence variations of SLITRK1 have been detected in a few GTS patients, 9 but the genetic component in most GTS cases is yet unknown. In a family with a complex chromosome rearrangement, the CNTNAP2 gene was truncated by one of the breakpoints in family members with GTS and CNTNAP2 was therefore suggested to be a candidate gene for this disorder 6 ( Figure 1a ).
In this study, we describe a three-generation family with a balanced t(7;15) translocation. The chromosome 7q breakpoint disrupts the CNTNAP2 gene, but the translocation carriers do not present clinical features of GTS.
Materials and methods
Cytogenetic analyses, FISH and CGH Metaphase chromosomes were obtained from peripheral blood lymphocytes and the karyotype of the patient was determined by G-banding. Fluorescence in situ hybridization (FISH) was performed using bacterial artificial chromosome (BAC) clones from the RPCI-11 library (Human Genome Browser) according to standard procedures. Highresolution comparative genome-hybridization (CGH) was carried out as described previously. 10 
Results and discussion
The family presented in this study (index case III;2, Figure 1b ) was detected through a systematic re-examination of balanced reciprocal translocation carriers in Denmark. 11 The family history revealed that the translocation in the family was first recognized after the birth of a boy (V;1) with multiple congenital malformations and an unbalanced karyotype, 46,XY,der(7)t(7;15)(q35;q26.2) (Figure 1b) . Cytogenetic analyses showed that his father (IV;2), grandmother (III;2) and great grandfather (II;1) were all carriers of an apparently balanced translocation with the karyotype 46,XX/XY, t(7;15)(q35;q26.2). Subsequently IV;4 was investigated and she was shown to be carrier of the same unbalanced translocation as found in V;1 ( Figure 1b ). IV;4 had multiple malformations, severe mental retardation and did not have any language development. She had scoliosis and could take only a few steps with support, but otherwise could not walk. She had a single kidney, hearing loss, ptosis and vision loss because of cataract and affected optic nerve. She did not have any sense of hunger and therefore she was fed through a tube. She had a cheerful and extrovert personality. She died at the age of 34 years. The other patient (V;1) with the same unbalanced translocation is presently 16 years old; he also has multiple congenital malformations, severe mental retardation, no language development and scoliosis. However, he cannot walk even with support. He has myopia, otherwise his vision is normal. He has an introverted personality. The index case (III;2) had hypermetropia and she developed pre-eclampsia during her second gestation. All the balanced translocation carriers were otherwise phenotypically normal. None of the balanced translocation carriers showed any signs of GTS, assessed according to the DSM-IV diagnostic criteria. FISH analyses of the balanced translocation carrier III;2 using BAC clones from the RPCI-11 library (Human Genome Browser) revealed that the chromosome 7q breakpoint was within the BAC clone RP11-162a9, which is located entirely within the genomic region covered by the CNTNAP2 gene. The closest non-spanning proximal BAC clones were RP11-945o17 and RP11-291n9, and the closest non-spanning distal BAC clones were RP11-688o16 and RP11-641c20. The breakpoint was thus localized to a region of approximately 21-kb (chromosome position, 146.839.903 -146.861.494. Human Genome Browser, March 2006 Assembly) within intron 11 of the CNTNAP2 gene (Figure 1a) .
The 15q26.1 breakpoint was within the overlapping region of three BAC clones RP11-231p17, RP11-78b3, and RP11-296i21. This breakpoint was localized to an Figure 1 (a) Schematic representation of the two chromosome breakpoints truncating the CNTNAP2 gene. The white bar indicates the breakpoint region described by Verkerk and colleagues 6 in a GTS patient with inv(2)(p23q22),ins(7;2)(q35-q36;p21p23) and the black bar indicates the breakpoint region of the present case with t(7;15). The horizontal line represents the genomic region covered by the gene and the vertical lines represent the exons; (b) The pedigree of the t(7;15)(q35;q26.2) translocation family. N, normal karyotype; filled symbol, unbalanced translocation 46,XY/XX, der (7) A homozygous mutation of CNTNAP2 has been associated with CDFE in the Old Order Amish community, 5 but it is unknown whether CNTNAP2 mutations result in CDFE in other populations. However, the present case supports the finding that disruption of a single allele of CNTNAP2 does not lead to CDFE, in line with the suggested recessiveinheritance. 5 Verkerk and colleagues 6 suggested CNTNAP2 as a candidate gene for GTS based on the finding of a truncating chromosome breakpoint (Figure 1a) . The authors hypothesized that disruption of CNTNAP2 would lead to decreased gene expression, which in turn would affect localization and/or maintenance of Kv1 channels. This would influence conduction and/or re-polarization of action potentials in certain brain regions sensitive to these changes, resulting in a diminished inhibition of unwanted tics as observed in GTS. The absence of GTS symptoms in the present translocation family indicates that disruption of CNTNAP2 does not necessarily lead to GTS. However, taking into consideration the complex etiology of GTS with a probable polygenic character, this finding does not strictly exclude the involvement of Caspr2 in GTS pathogenesis.
